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Stressed State of Cylindrical Shells,Reinforced with Ribs
by

D, V. Vaynberg, V, O, Zaruts'kiy and B, &, Itenberg

are
Arrangement of the problem, In the given report/” . described the methods
of investigating the stressed state of a circular cylindrical shell,reinforced with

a regular screen of annular and rectilinesr ribs, The offect of constant intensity

_Figely
Selection of the célculaticn method depends upon the correlation of basic para-—
meters of the systems cleseness of placing ribs and relative rigidity of shell wslls
and ribs,

A sufficiently large number of ribs allows to average the elastic qualities of
the system and consider same from the position of theory of thin structurally-crtho-
tropie shells of revolution, Concentration of forces in the zone of rib arrangement,
in analogy with the problem of ribbed plate Ll. f]'can be determined in approximation
on the basis of perturbation thearye

At an average number of rids is recomuended a different approach to sclving the
problery “an-d on the utilization of defowmation characteristics of symetrical sys-

tems, The stressed state of a v bsd re

FUD-TMA201623/1+2 1

s L0 shell (figelsa) can be obtained by applyirg



two caluulation systems, -

In the first oxi‘e will be discussed a rectangular penel of the shell with rigidly
fastened anmular and rectilinear edges under the effect of a given loed (figl,b)e

In the other one is discussed a given closed shell under the effect of radial
forcesyapplied to the ribs; these forces in.megnitude equal to reactions ¥, fourd
in first calculation,but have an opposite sign in comparison v:'ith same (figelsc)e
Calculation of shell in the cother case can be realized by approximetion methods,
Since the rigidity ef the ribs is high,a comparison was made with the rigid walls
of the shell, it is advisable to change over to the calculated model in form of a
.spe'bial cyclic symmetrical frame, formed by rings and meridioral ribs. Here can be
applied the theory of cyclieally symmetrical frames[jj.ln the presence of low rigidity
ribs calculation of the system in second case can be made with the aid of equations
of elastic deformation of structurally-orthotropic shelléé

4

Special consideration should be given to the case of a lov rumber of relatively
rigid ribs, when it has been decided to search for an accurate solution of the:
problem, The problem here is reduced to studying the stressed state of a rectangulay
-anel of a cylindrical shell. The other method is based on the utilization of integro-
diff atial equaticns, hich ema ife from the thedrem of report mutuality @.5] in

the coport by M,0.KAL" chevskiy [6-8]s
ng?,m;{‘faru'a;iz;l e 1bions of the mroblsa and their solubiows, We will write
a system of squa’tons of techaleal Hhsory of shells[?‘}

DT L6362 /142 2
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where uj, Upeug = comwponents of displacement vector of the center surface of the shell

X1 x2
(fige2); < = R, /\“}'— R - dirensionless cgom‘dinates. R - radiugof center surface ef

the shell; hethickness of shell; a2 = 12R%; B,y - tensile strength of shell and Foison

coefficient; xl,xz.x3 .— components of surface load (accepted as %X = 0)
We shall examine a cylindrical panel, the rectilinear edge of which (ir}' conformity
with the cyclic symmetry of the shell) are connected with the elastically settled ribs, 4
which do not rotate, and curvilinear - hinged. The load consists of normal pr;essure

p and axial meridional forces Nl appalied to the

faces,
In this case " i ) ) i .
X = -_ijl"l(a)—aa(z——ax)]~T (@, 05[3(B) + 8(3 ._-.51)1, _ (22)‘-
Xy = P ~Tyla, 0)16(@)+6( -3,)], ~  A
2. L
whereﬁ 2 k, o=

R; le=length of shell; kﬁ-mmber of ribs. Ty (C(,O) T - ’1‘3 (q 61 )

and Ty (@0)=-7 OK,@I J .= genersl (m K1 cmoff unaerstumdlng) Cross sectional
‘and tangent forcese

The law of signs for forces and mements is shown in tig.2, The magnitudes § (X );
(0('-CL' ); ﬂfb\‘ g (@-[Sl) are Diraec's delta functions which.can also be presented in
: i

form of incongruoug trigcicretric .se?ies, eeges

m._:,;m——[ S‘cas —)] 3
.’ﬂ='|

On the curvilinear sdges of the panel take place bounﬂary conditi.om
uy (0, 2) == u, (ax,ﬁ)'—O .4 (0,3) = (1, °) =0,

. - : (2;11, '
Gi(0,2) =Gy (x,8) = 0. §, (0,8 = S5 (=), B) = — ¥,

on ractilinear congowes - . dlilons of eyeliz . yumebey for displacemsnks of angles

of rotation ¢of the shell

P Peb 51523/1+2



et L) o gy
uﬁ(l O) = U3 (1 Jl) - - L—D b=ﬁ|—— 0 .1:2.‘5).-‘

< .
S
.

and conditions of ccunling with elastic ri‘bs.

ZT £:50)——2T, (1,y,)=—pl(1) 2T, (1 0) =-2Ta(1. n)—~——n,(2) (2 6)
The mé;nitudes Py (&) and o (@ ) are des ignated by r&t disylacements:, which are
equel to the diﬁplacements of corresnondmg contour- points of the shell

EF &un @3 | T EdL 3%y (a9)
R e Wi

B—D

where Fy, Il" area and mcmnt of inertia o transverse crosa section of rib; B - Ycung

modulus of the rib maiterial, The values 7y (a,0) and T3 (Ot,o) are reprcsented by trigo-
nametric series with unknown coefi‘lclents an andi 'hm

Ty (2.0) = }.:b cas “”’“,' T(a.O):Za sin = _; (28)

- me]

Solution of the system of equatiocns (2,1) for load (2.2) in confomity with boundary
conditions (2.4) and (245) are sought in the fornula

T o D wma f.né_ B 3 R
ty = EZ AmcOs— oS gy } ey,
n=y m=] ' . 2 ’}
o = % ‘wma - ﬂ'n‘l" - :‘
U = }_J 2 Ban sin— = sin B’
n=} m=a}
o« rma w3
2
" = \ J .
u, ‘ Cpnnsin o cos Es
n==0 ma=} .
Utilizing (2,3)s (2,6)y (257), (2,8) we find
= Amoaoﬂ +a Amn + bl.ﬂA;n‘t
Bon=a,B, b B
) + OmE 21y
. C !

mn Cmobon + a,,,C,,m + i?,,,C;m.
where

“For .equation 2,11 see ‘pégé 4a
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a

P
Here garme = = 4 D = bonding rigldity of shell;
B S A 2 L
‘ a’ PO =10, affio n+0. R g

In accordance with the boundary. cenditions (2.6) and (247) we obtain a system of

equations to designate ay and bp ,

------ - By e .
i

) ) e 2
bn = T (Ao + apd, +b,4)5ﬁ ok

‘ i
S B
. ot L) S
an = '—','Ti" (Cmo T+ amc + b Cm) £ ll P 212

. Here : S €O
12 A;"u’ A:ﬂ = E Arrm’ Clll = "Z-IOC”"". . .. 1

n=Q neQ "
. N . Sl AL

A =TCp=
in case N; = O ve assume by = 0.'1'hen .- _—
w1 —(— l)"‘ C(2:14)
4 = P‘E(m‘ + 8 TF ?m’s (0N Co ;

We will write express:.ons of shell diswlaccmam; coefflcients

e l—(=ue'[, 'S, () ] o
“‘(-’[’) B > i (mY ¥ 0) [‘*H-q»nﬁs,,,(()) _cos. &

o —(—)7 S50 e 2.15)
| u’(a B) (qu"( %l P T ,JlTl"Sm ©) sin o -. ( )
: 1~ (=1" nm'Sn (B) s .

P (“v f) = @, Z mm* &0 [ TS, T
. m=) ’ :

. ) . 1 l+(-—1)n ' (m'—}—"’n’)-’ . . . ]
S S_m@~\ R R W AR

. S’%1+'(‘-—1)'- oyt owm? B
sm.(rs)=,,,=>d., . (m2+(2n2)‘+m‘t g - (218 Ny

e 11+(-—l)" n[‘rn +(2+v)m’] %3 s

'S'." )= }- N sin ==

ne=i

A nuperical caleulaltion of shall was mada ‘;which has eight longitudinal ribvs (k=32)

1 ]

at¥ such data ‘ R R . Jx
ke Bl gy,

Ra.ults of caleulating _iclers ave glwen ln table Lo sush charac cariatic values

FUD-UI-6241623/1+2 5



of relative rigldity: qk 0 (case of absence of longltudinal ribs)m\,a l;o'BM‘r’ 103

r\». =2 (case of rigld fastening rectiline=r edges of panels). To facilitate calculations

with the exception of expression (2,16) and we will show in closed form a quite con-

gruent part, which corresponds to deformation of the plate; Then when calculating

displacements it is possible to measure ty fira=gix members of series according ton

and seven-eight members of series according tom,

Par 3. Integ,wo-dnferential equadc:.ons and solution of sam. The s‘cressed state of"-

a ribbed cyln.ndr:.cal skell can also be determined as result of solving a system of

integro-differ ential equa‘t ions,

Table
&Z
G- . .o, M . . a;_i . a
—— [ . ]
[T” ’T‘ - A _ 10,
. . i e e e
. ‘ I b ———
0 ,‘ 0,150. L 10528~ 0,!50.10—5%.“:_'
. i i - s
. 'y ‘ :
18 0.iss- 1028 ! 0.150- 10~ iy 0,154. 10-SPR*
o b
. 1 T B )
. - - . . DR
" 10 _ 0.163-10—5%"’— | oas4.1073 ”[’; 0.155. 10-5E&F
, - D
A f
. _‘ . - pR¢ ' ~ .
oo 025910 £ ;om0 2R 0.183 10-508%
p=0 i
a o
a, o a, i
By 2 1 BN :
coo- 1 qisq.15-5PR " o150.10-52R% s0.10-5°%
o 0,150- 10— 0.150-10~>— 0.150-107%5-.
o : _ ‘ . . R
48 —5 PR 5 PR! RPY.LS
: 0.149- 1075 0,139.10735 0,086- 10545
R4 oo - pRY " ; oRY
10 0,146 10—5% 0,125. i~ ”g 0.069-10'—'525
oo 0 0 0
FrOTT-62-1623/1+2 6



We shall discuss two states of rectangular panel,separated from cyliniri cal shell,
The basic state" appears to be a system which consists of given lcad py(I&,M) correspond-..
ing to it digplacements of center surface of the shell u(i)j (N,), forces S(i)j (1N,M) 5
. and maments (G(i)j (NyM) on the limited contourse .
., Here N(C;,fg) -~ point of applying the lgad ; M(a.l(«b) = poilnt in which dis placements
are establiched. ‘ ' . . 3
The auxiliary state appears to be a system whicﬁ consists of concentratesd forceg E
: A. having a single‘ projection on the axdis gSf the coordinates and applied to poi_nt M(Q,B\
by the center surface of the pez;el. correéponding displacemgnts' v(i(MN), forces
N(L (MN) 'and-ildnentg H()1 v(M,N);o-n the limiting contours,
Having appliea the work feciproéitf ptri,ncipie-to the taken basic and auxciliary
.states of the shell, we formmlaje a svstem of in’cefvro-—dif*‘erentlal eouatlons

mm~M>§;uM@me®ww+ . o j
' (8) L H

MS“’(N {)v""(M ’H‘GU): N Do (M. 0)dl — v '
) . _
f

t

jwwmnmmw0+mmMu%MNMM @

K

Bere S-center of shell surraue, lelimiting contours; Q-point of the cermfer sur~. . - i
face; t-point on contour; isj, 5= 1 2,3, gamma = 1,2,
" The double integral is taken over the entlre .C&Tluér surface, s;in'g'le onexs - over.
the entire surface of the panel, | |

The values so(j)f and omega (i)' - apgles of rotatiocn for aux liary ancd tasic:

states respeciively. _ ' ‘ o
We will introduce into (3.1) general tangents and intersec"’cing forces"f(i)& (N, %) -
and (1) § (Myt) on tae contours in basic and 'vapxiliary states respecti'.veiy we will -
obtain | ! o | .L_.: : P |
. For equation 3.2 see page Ta

The values é,iu‘nu’al =1 curi'eépozm to contuurs q= Oy = Qs .énd gaxmay ~ “Bo ccmtouri
/'aa 0 and F’Jr. 6} Vt1242) ¢ Fxpiesoion Ay (%u) characterizes the functioa of xamal

centersd forond in agyulary rot 'y (j\'_\\b of the shell on corresponding displac<=uents,
‘ |



i .M = [ 2 (N, Qo (M, QS+
Do & -

+ [ T V. 0% (M, ) + Goog (N, 0 gy (M. DVl —

) .

FID-TT-62-1623/1+42 Ta
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In case the panel ia affected by a normel load of constant intensity equations (3.2)

can be written in such forms _

w (M) = p §§ von(M.Q dSa + [I(Ts (1)U(J)a(M fH+ ,
s . 0
v . (3 3)
+ G, {0) guiny (M, t)ldlrﬁ'lemo(M Hu !+ Hiyg (M, f)“’r(f)]dlz+:41 _
Ogh)
. We shall examine a section of cyllndrlcal ribbed cyclic symmetr;.cal .shell, The

rectilinear edges of the panel are supported agsinst elastically set ribs,which do
‘not durng curvilinear edges are hinge fastened.

The boundary conditions in basie state will be om curvilinear edges

u|==ua.—.Gl_‘T1—0. ‘;;Kmoa-—~0|a-¢l;, ’ (',4)

. .. .. . . ) . P N . . . ! -'
on rectilinear edges :

gy =Ty =0, o =01 BB ‘.““*‘_‘_"*‘.*35’3

L 2Ty =1 psa) m0l3=°‘5 p. .

- P - - - B

The value po(x )is determined from (2eD)e

We select an auxiliary °tate,wmch sa’claf:.es the bou'mlary condltions

o h
S U2 = Uy = Qi = ”u)l Ko a=01{ a =‘°1. i 3n
Vi = Pu = Q(m =Qup =0, HKI?O P=01R=8 (3g

- -~ s - oA,

e aow ,;

'Utilizing (3.@;.) - (3.8) we will write (343) as follows
For equation 3.9 se¢ - ~&. 8a
~ The difference Between the obtained integro~diifercntial equat ions (3.9) and
equations formulated by@,lo.lg in coansction with the solution of conerete problems
.lies in the fact, that for the auxiliart stats we have chosen the very same cylindrieal
panel, but under different fastening conditions, while in the ﬁen‘tioned reports as
auxillary state was selected & plate which is the plan of the sholle
Analyzing term (3.9) we will notice that the problem cams t0 a point of determining
’I'3 on contours Lj and Ip.
In conformity with the differsatial equations (2,1) ami boundary conditions (3e7)

=~ (3.,8) the displacement ccuponsahs in auxiliary stats of the pavel will be writtea

FID-TT-52-1623/142 8




u(M)=p [ oips (M, QdSa + L
.IS) . . =:‘ : !
. . ' . \ 139)
« + ng(h)U(i)a M.t dl, + | T (f) v (M, tydy,. * ‘
a iy e e

PTD-TT-62-1623/1+2 _ 8a
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as followss L o ¢ o Ny i

A\ nma =n3 Aty .
o= SN T g 0 o
e R T
N m=) i Yo
b : 5 i
i. . 3 _ : ' ..-‘- ‘\ l
" O\ amx Tn8 3 3. !
L Map= }_‘ L Bmn sin cos 288 gip M2 oo mAd . I
1. . a, -1 a, £, A4 8 .
( n=!m=) ' .. '3 f
' - B w3, 4 S
x . 7
. bep= 3 z ,,.,sm———cos—sm mxcosf"_., 3 (3.10
b : "-ﬂm -1 * ﬁ‘ b B SR ‘i i
where Tt s ot L
4
. . ‘ "1
', Ca —-'-—-(m + n“)“D,.,.. P i
— ‘._-L- P - . .
" B v) m* + 1’n? Dppy C3
* . ‘ r‘,m v . é
_A.-:ln =3 [«{2,1 —'mle s . Q‘
1 : _ i
) 3 . t
. Rz o 417 . 1 . . i
D = 35— T e T L@
D =% (1 + on) (m - ’12) mg.{ S

1)

The values T3(tl) and TB(tz) are determined from systems (349) -during the inclusion
of (3.6) and (2.7), if §=3. . -%(M) =p{{con(M QdSs+ )f Taty )v(an(M.lx)dh.+ '

8) .
+ 1( Tyt oos (M, 0l o @. 12)
After substituting (3,10) in (3,12) ve will obtain
' L oy (=l mma T
".(M) = g—_R-g’—'.E EG;\"@-—’-’-T"-—-—‘ sin a B M ‘:
S A (313
- ‘?Zcmrb (—ranlsin T cos T,
IR ]
m-ln—O
Lo a‘uq (z,) sin 2 LA (3:14)
. . : L3
Tememmotl L o...- S -
b =:§la—‘ﬁg—;‘t—’)—sin§aﬁ7—dr. S Bas
1 .
0 * . . .4

Haﬁng differeniiated (3.13) by alpha Tour times, and multiplied the rcsults
ma
by sin G{' \ .q and inbegrati.g by g frem 0 Yo a, we will obiain on I, and L, respec-

FTD-TTw62.-1.623/142 9




tively ‘%_ pRzzf (_:__,_7_1_)‘ 1 —-(m— l)-':Cmo-—( Tm) E I|11 Zcmlbm-ﬁ(—l)”ag
: : Ay .

w ] iR

n=)

RS [ g ) =1 _( )Ella, | ‘ :
GEA (A e () Bl

(3.16)
X N Conlam + (— 17bal. "
t n=0
hence : ; pRzT;‘ms {1 —(—1)"1Cmo . 31D .
am = b= O e
- he, m o L1 — 1)1
. 1+ 4R%3 %C 1+ _ L

Utilizing (2.15) and the static relationships of the theory of shells are kmown,
it is possitle to determine the sought for forcese
As it was to be anticipated, formmlas for calculations, obtained as result of

solving differential equations of a shell and found from integro-differential equations,
are in conformity. The advantage of the second approach in solving the problem lies,
apparently, in the fact, that it facilitates the selecticn of form of ideas of sought
for displacements and unknown forces in places ihere the shell and ribs are jointed,

We like to point ocut,that the _utilization of souble: trigoncmetric series elinminates
the necessity of determining arbitrary integration constants, it also improves the
.variation of rib charactersitics, -
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